In the copper(II) complex, bis{(E)-1- [(2,4,6-tribromophenyl)diazenyl]naphthalen-2-olato}copper(II), [Cu(C 16 H 8 Br 3 N 2 O) 2 ], (I), the metal cation is coordinated by two N atoms and two O atoms from two bidentate (E)-1-[(2,4,6-tribromophenyl)diazenyl]naphthalen-2-olate ligands, forming a slightly distorted square-planar environment. In one of the ligands, the tribromobenzene ring is inclined to the naphthalene ring system by 37.4 (5)
Crystal structures of a copper(II) and the isotypic nickel(II) and palladium(II) complexes of the ligand (E)-1- [(2,4,6-tribromophenyl) In the copper(II) complex, bis{(E)-1- [(2,4,6-tribromophenyl) diazenyl]naphthalen-2-olato}copper(II), [Cu(C 16 H 8 Br 3 N 2 O) 2 ], (I), the metal cation is coordinated by two N atoms and two O atoms from two bidentate (E)-1-[(2,4,6-tribromophenyl)diazenyl]naphthalen-2-olate ligands, forming a slightly distorted square-planar environment. In one of the ligands, the tribromobenzene ring is inclined to the naphthalene ring system by 37.4 (5) , creating a weak intramolecular CuÁ Á ÁBr interaction [3.134 (2) Å ], while in the other ligand, the tribromobenzene ring is inclined to the naphthalene ring system by 72.1 (6) . In the isotypic nickel(II) and palladium(II) complexes, namely bis{(E)-1-[(2,4,6-tribromophenyl)diazenyl]naphthalen-2-olato}nickel(II), [Ni(C 16 H 8 Br 3 N 2 O) 2 ], (II), and bis{(E)-1-[(2,4,6-tribromophenyl)diazenyl]naphthalen-2-olato}palla-dium(II), [Pd(C 16 H 8 Br 3 N 2 O) 2 ], (III), respectively, the metal atoms are located on centres of inversion, hence the metal coordination spheres have perfect square-planar geometries. The tribromobenzene rings are inclined to the naphthalene ring systems by 80.79 (18) in (II) and by 80.8 (3) in (III). In the crystal of (I), molecules are linked by C-HÁ Á ÁBr hydrogen bonds, forming chains along [010] . The chains are linked by C-HÁ Á Á interactions, forming sheets parallel to (011). In the crystals of (II) and (III), molecules are linked by C-HÁ Á Á interactions, forming slabs parallel to (101). For the copper(II) complex (I), a region of disordered electron density was corrected for using the SQUEEZE routine in PLATON [Spek (2015) . Acta Cryst. C71, 9-18]. The formula mass and unit-cell characteristics of the disordered solvent molecules were not taken into account during refinement.
Chemical context
Recently, 1-phenylazo-2-naphthol derivatives have attracted attention because the phenylazo-naphtholate group can provide N,O-bidentate chelation to stabilize transition or main group metal complexes. Azo-metal chelates have also attracted increasing attention due to their interesting electronic and geometrical features in connection with their applications in molecular memory storage, non-linear optical elements and printing systems. Another advantage of ISSN 2056-9890 complexes involving azo DNO's (dyes and pigments) and transition metal ions is the possibility to obtain new compounds with biological activity (Thomas et al., 2004; Reed et al., 2006) . Transition metals have also been used in the treatment of several diseases, as metal complexes which are capable of cleaving DNA under physiological conditions are of interest in the development of metal-based anticancer agents. This is an impetus for chemists to develop innovative strategies for the preparation of more effective, target-specific and preferably non-covalently bound anticancer drugs (Chen et al., 2010; Cvek et al., 2008) .
Being interested in the synthesis and preparation of metal complexes bearing such ligands, we have successfully synthesized and structurally characterized Cu II complexes with N,Obidentate phenylazo-naphtholate ligands (Chetioui et al., 2015a,b) . In this work we are involved in the colour-generation mechanism of azo pigments typically characterized by the chromophore of the azo group (-N N-) (Chetioui et al., 2013c,d) in order to synthesize new complexes with Cu(OAc) 2 ÁH 2 O, Ni(OAc) 2 ÁH 2 O, and Pd(OAc) 2 ÁH 2 O. We report herein on the synthesis and crystal structures of the title complexes, (I)-(III), of the ligand (E)-1-[(2,4,6-tribromophenyl)diazenyl]naphthalen-2-ol, whose crystal structure has been described previously (Chetioui et al., 2013c) .
Structural commentary
In all three compounds the ligand (E)-1-[(2,4,6-tribromophenyl)diazenyl]naphthalen-2-ol (Chetioui et al., 2013c) coordinates in a N,O-bidentate manner. The metal atoms are coordinated by two oxygen atoms in a trans position of the C-O À function and two nitrogen atoms in a trans position of the N N function. In compound (I), Fig. 1 , the values of the angles involving the copper and the two oxygen and two nitrogen atoms (Table 1) indicate that the geometry of the coordination polyhedron is distorted square-planar. It has a 4 value of 0.15 [Yang et al., 2007;  extreme configurations: 0.00 for square-pyramidal (SQP) and 1.00 for tetrahedral (TET); 0.85 for trigonal-pyramidal (TRP)]. In one of the ligands, the tribromobenzene ring (C17-C22) is inclined to the naphthalene ring system (C23-C32) by 37.4 (5) , creating a weak intramolecular CuÁ Á ÁBr interaction [Cu1Á Á ÁBr4 = 3.134 (2) Å ]. In the other ligand, the tribromobenzene ring (C1-C6) is almost normal to the naphthalene ring system (C7-C16), making a dihedral angle of 72.1 (6) . A similar short intramolecular metal-halogen contact has been observed in the centrosymmetric complex bis(1-[(E)-(2-chlorophenyl)diazenyl]naphthalen-2-olato)copper(II), viz. CuÁ Á ÁCl = 3.153 (1) Å (Benaouida et al., 2013) , and the chlorobenzene ring is inclined to the naphthalene ring system by 32.72 (12) . Table 1 Selected geometric parameters (Å , ) for (I). Figure 1 The molecular structure of compound (I), with atom labelling and 50% probability displacement ellipsoids. The intramolecular CuÁ Á ÁBr contact is shown as a dashed line (details are given in Table 1 ).
Compounds (II) and (III), the nickel(II) (Fig. 2 , Table 2 ) and palladium(II) (Fig. 3, Table 3 ) complexes, respectively, are isotypic. The metal atoms are each located on inversion centres, coordinating in a bidentate fashion to the N and O atoms of the ligand, hence the metal coordination spheres have perfect square-planar geometry. The tribromobenzene rings (C1-C6) are almost normal to the naphthalene ring systems (C7-C16) with a dihedral angle of 80.79 (18) in (II) and 80.8 (3) in (III). The molecular structure of compound (II), with atom labelling and 50% probability displacement ellipsoids. The unlabelled atoms are related to the labelled atoms by the symmetry operation (Àx + 1, Ày + 1, Àz + 1).
Figure 3
The molecular structure of compound (III), with atom labelling and 50% probability displacement ellipsoids. The unlabelled atoms are related to the labelled atoms by the symmetry operation (Àx, Ày, Àz). 
Figure 4
The crystal packing of compound (I), viewed along the a axis. The intermolecular interactions are shown as dashed lines (see Table 4 for details), and for clarity only the H atoms involved in these interactions have been included.
Supramolecular features
As shown in Fig. 4 , in the crystal of compound (I), molecules are linked by C-HÁ Á ÁBr hydrogen bonds, forming chains along [001] . The chains are linked by C-HÁ Á Á interactions, forming sheets lying parallel to (011). Details of these interactions are given in Table 4 . The crystal packing in compound (II) [and isotypic compound (III) ] is illustrated in Fig. 5 . Molecules are linked by C-HÁ Á Á interactions, forming slabs lying parallel to (101). Details of the intermolecular interactions are given in Table 5 for (II) and Table 6 for (III).
Database survey
In the title ligand (E)-1- [(2,4,6-tribromophenyl) The crystal packing of compound (II), viewed along the normal to (101). The intermolecular interactions are shown as dashed lines (see Table 5 for details), and for clarity only the H atoms involved in these interactions have been included.
Table 4
Hydrogen-bond geometry (Å , ) for (I).
Cg1 is the centroid of the C27-C32 ring. Table 5 Hydrogen-bond geometry (Å , ) for (II).
Cg2 is the centroid of the C1-C6 ring. Table 6 Hydrogen-bond geometry (Å , ) for (III).
Cg2 is the centroid of the C1-C6 ring. 2013c) the benzene ring is inclined to the naphthalene ring system by 33.80 (16) . A search of the Cambridge Structural Database (Version 5.37, update February 2016; Groom et al., 2016) for square-planar metal complexes of (E)-1-(phenyldiazenyl)naphthalen-2-ol and its derivatives gave seven hits (Fig. 6 ). They include a zinc(II) complex of the ligand (E)-1-(phenyldiazenyl)naphthalen-2-ol (LUQQIZ; Gallegos et al., 2015) , where the zinc atom has a distorted trigonal-pyramidal configuration with a 4 parameter of 0.77. In the two ligands, the phenyl rings are inclined to the naphthalene ring systems by 11.4 (2) and 9.2 (3)
. Among the other six complexes, in which the metal atoms are all located on inversion centres, there are three copper(II) complexes with the ligands (E)-1-(phenyldiazenyl)naphthalen-2-ol (refcode CBANAP; Jarvis, 1961) , (E)-1-(2-chlorophenyl)diazenyl]naphthalen-2-ol (AFATIM; Benaouida et al., 2013) and (E)-1-(2,4-dimethylphenyl)diazenyl]naphthalen-2-ol (NOTNOB; Ferreira et al., 2015) ; two nickel complexes with the ligands (E)-1-(phenyldiazenyl)naphthalen-2-ol (NOTNUH; Ferreira et al., 2015) and (E)-1-(3-methylphenyl)diazenyl]naphthalen-2-ol (TOAZNI; Alcock et al., 1968) ; and one palladium complex with the ligand [(E)-1-(2-methylphenyl)diazenyl]naphthalen-2-ol (DURRIS; Lin et al., 2010) . The orientation of the phenyl/benzene ring with respect to the naphthalene ring system varies quite considerably. In the palladium complex (DURRIS) and the copper complex (NOTNOB), where the benzene ring has a methyl group in the ortho position, the benzene ring is inclined to the naphthalene ring system by 74.41 (4) and 83.87 (6) , respectively. In the other four complexes, the corresponding dihedral angles are 19.12 and 32.72 (12) for the copper complexes CBANAP and AFATIM, respectively, and 24.06 (15) and ca 35.56
for the nickel complexes NOTNUH and TOAZNI, respectively.
Synthesis and crystallization
The title compounds were synthesized by the following procedure: (E)-1-[(2,4,6-tribromophenyl)diazenyl]-naphthalen-2-ol (2.0 mmol) and M(OAc) 2 ÁH 2 O (1.0 mmol; where M = Cu, Ni, Pd) was stirred at 298 K in a mixture of THF/MeOH (10/10 ml) for 24 h. The solvents were removed under vacuum and the residue was washed twice with hexane to give dark solids. The resulting solids were crystallized from CH 2 Cl 2 to yield red block-like crystals for (I), black prismatic crystals for (II) and dark-red plate-like crystals for (III).
Refinement details
Crystal data, data collection and structure refinement details are summarized in Table 7 . For all three compounds the Cbound H atoms were included in calculated positions and refined as riding: C-H = 0.95 Å for (I) and (II) and 0.93 Å for (III), with U iso (H) = 1.2U eq (C). For the copper(II) complex (I), a region of disordered electron density was corrected for using the SQUEEZE routine in PLATON (Spek, 2015) . The formula mass and unit-cell characteristics of the disordered solvent molecules were not taken into account during refinement. This complex crystallizes in the monoclinic space group P2 1 , with the Flack parameter = À0.006 (14).
Acta Cryst. (2016). E72, 1093-1098 research communications (Altomare et al., 1999) for (III). For all compounds, program(s) used to refine structure: SHELXL2014 (Sheldrick, 2015) ; molecular graphics: Mercury (Macrae et al., 2008) ; software used to prepare material for publication: SHELXL2014 (Sheldrick, 2015) and PLATON (Spek, 2009 ).
(I) Bis{(E)-1-[(2,4,6-tribromophenyl)diazenyl]naphthalen-2-olato}copper(II)
Crystal data Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 119.4 N3-N4-C23 119.1 (10) C18-C17-C22 115.5 (12) C8-O1-Cu1 125.8 (9) C18-C17-N3
119.4 (13) C24-O2-Cu1 121.9 (7) C22-C17-N3 125.1 (12) O2-Cu1-O1 169.4 (4) C17-C18-C19 122.5 (14) O2-Cu1-N1 91.3 (4) C17-C18-Br4 119.0 (11) O1-Cu1-N1 90.9 (4) C19-C18-Br4 118.5 (11) O2-Cu1-N3 87.6 (4) C20-C19-C18
118.4 (14) O1-Cu1-N3 92.1 (4) C20-C19-H19 120.8 N1-Cu1-N3 169.3 (5)
176.7 (12) C25-C26-C27-C32 179.7 (10) C2-C1-C6-Br3 177.2 (10) C26-C27-C28-C23 0.0 N1-C1-C6-Br3 −4.5 (17) C32-C27-C28-C23 −179.7 (10) C4-C5-C6-C1 1 (2) C26-C27-C28-C29 178.7 (10) C4-C5-C6-Br3 −177.5 (11) C32-C27-C28-C29 −1.0 (12) N2-C7-C8-O1 6 (2) N4-C23-C28-C27 −169.2 (9) C12-C7-C8-O1 −175.9 (13) C24-C23-C28-C27 0.0
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Hydrogen-bond geometry (Å, º)
Cg1 is the centroid of the C27-C32 ring. Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. Extinction coefficient: 0.0040 (4)
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (

Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 
